Background and Objectives: Duration of antibiotic prophylaxis for cardiac surgery is still debated and controversial. International guidelines are vague: French guidelines recommend an intraoperative administration, while the Society of Thoracic Surgeons' guidelines suggest that optimal postoperative prophylactic antibiotics be given for 48 hours or less. Very few studies have compared the same antibiotic with 2 different administration durations. The study was designed to compare the efficacy of 24-hour administration of cefamandole vs intraoperative cefamandole to prevent deep sternal wound infection and endocarditis after cardiac surgery. Methods: This retrospective and observational study compared the rates of severe surgical site infections (deep sternal wound infection, endocarditis) after cardiac surgery between period 1, 01/01/2008-31/08/2008, with 24-hour administration of cefamandole, and period 2, 01/09/2008-30/04/2009 with intraoperative cefamandole. Results: Among 933 patients, 14 patients (1.5%) developed surgical site infection during the 16-month study: 1.3% during the first period and 1.7% during the second (ns). The populations (470 patients in period 1 and 463 in period 2) were homogeneous and comparable for pre-, intra-and postoperative characteristics. Surgical site infection characteristics (pathogens involved, time to diagnosis) and consequences (longer hospital stay, outcomes) were comparable in the 2 groups. Conclusions: Intraoperative cefamandole was as safe as its 24-hour administration to prevent deep sternal wound infection and endocarditis after adult cardiac surgery.
Introduction
"Does the duration of perioperative antibiotic prophylaxis matter in cardiac surgery?" was the provocative title of a systematic review and meta-analysis recently published by Mertz and associates [1] . Shorter duration of antibiotic prophylaxis definitively has many advantages: lower costs, decrease selection pathogen pressure [2] , less drug toxicity and simplification of the very complex procedure of correct routine daily administration of antibiotic prophylaxis [3] . Duration of antibiotic prophylaxis remains controversial. The Society of Thoracic Surgeons' recommendations are vague, seem to support a duration of ≥24 hours, perhaps less, but no longer than ≥48 hours [4] . Mertz and associates' conclusions were elusive because of the lack of well-designed studies and emphasized the heterogeneity of antibiotic regimens and the risk of bias in the published studies [1] . In our institute, the local Nosocomial Infection Control Committee modified and shortened the antibiotic prophylaxis duration with single dose despite some local surgeons' reluctance. This study was undertaken to evaluate whether intraoperative cefamandole was as effective as its 24-hour administration to prevent the most severe SSI after adult cardiac surgery, deep sternal wound infection (DSWI) and endocarditis. In our institution, anesthesiologists and intensivists are responsible for antibiotic-prophylaxis prescription, intraoperatively and post-operatively, respectively. Each prescriber received the written local protocol recommendation before the switch to the shorter regimen in August 2008. This local protocol, validated by our local Nosocomial Infection-Control Committee, recommends the use of cefamandole as the first-line antibiotic in the absence of ß-lactam allergy. In the operating room, infusion of 1.5 g of cefamandole within the 1 hour preceding the incision is recommended. It is also specified that another infusion 750 mg of cefamandole is mandatory when the surgery lasts ≥120 minutes, with repeated infusions every 120 minutes, as needed. Lastly, for period 1, 750 mg of cefamandole were infused every 6 hours during the first 24 postoperative hours during the intensive care unit stay.
The Centers for Disease Control definitions were used to for DSWI and endocarditis [6] . Occurrence of those infections was recorded and validated independently by our local Nosocomial Infection-Control Committee. For each infection, we studied the date of its diagnosis, the interval between surgery and infection, the pathogen(s) involved, their susceptibilities to antibiotics and the development of concomitant bacteriemia. All patients with healing problems, suspected wound infection or suspected postoperative endocarditis were systematically readdressed to their surgeon postoperatively.
There were no changes in measures to prevent infection between the study periods. Skin preparation was performed as follow: the night before surgery, patients took two showers with an antiseptic solution. The day of surgery, 2 hours before surgery, patients took a third shower with an antiseptic solution and hair was removed. No specific outbreaks occurred during the study period.
The concerned database had been approved by the French national commission for computerized files and liberty. According to French law, its subsequent use for epidemiologic work does not require additional regulatory or ethic commission approval.
Statistical Analysis
Continuous variables are presented as median with range and categorical variables as n (%). Comparisons were made using the chi-square or Fisher's exact test (when needed) to analyze differences in categorical variables. The Student's t-test or the Mann-Witney test was used, as appropriate, for continuous variables. A p value < 0.05 was considered statistically significant. Statistical analyses were performed using Statview version 5.1 software (SAS Institute Inc., Cary, NC).
Results
During the study, 987 adults [499 (50.5%) during period 1 and 488 (49.5%) during period 2] had heart surgery with CPB in our institution. Fifty-four patients were not included, 29 from period 1 and 25 from period 2, because of ß-lactam allergy, acute endocarditis and/or vascular surgery with CPB. Thus, 933 patients were included in the study: 470 during period 1 and 463 during period 2.
Detailed preoperative, intraoperative and postoperative patient characteristics, categorized according to the antibiotic regimen used during those periods, are given in Table 1 . The 2 groups were homogeneous and comparable for their demographic profiles and clinical characteristics. The 3 surgeons' activities were comparable during the 2 periods (data not shown).
During the study, 14 (1.5%) SSI were diagnosed: 1.3% (n = 6) during period 1 vs 1.7% (n = 8) during for period 2. SSI characteristics were comparable concerning the median time to infection onset 28 days (range, 5 -129 days) vs. 23 days (range, 4 -112 days). Eleven (5 in period 1 and 6 in period 2) bacteriemia were diagnosed with SSI. Of 17 pathogens isolated, 12 (70.5%) were Gram-positive cocci and 5 (20.9%) Gram-negative bacilli. They were similarly distributed in the 2 periods.
Median postoperative hospital stay was comparable during periods: 1 and 2, respectively: 9 (range 0 -372) vs 9 (range 0 -113) days. SSI occurrence significantly pro- longed the median postoperative hospital stay from 9 (range 0 -372) days without to 30 (range 5 -77) days with SSI (p < 0.0002), and comparably during the 2 periods. Mortality rates were comparable for periods 1 and 2, respectively, 6% and 7.3%. Mortality rate for severe SSI was 35.7% for the study period.
Discussion
The results of this retrospective study showed that intraoperative cefamandole prophylaxis was as effective as 24-hour administration to prevent the most severe surgical site infections after adult cardiac surgery, DSWI and endocarditis. Antibiotic prophylaxis is one of the most important preventive measures against SSI after major surgery, particularly, cardiac surgery [4] . Because of the high morbidity and mortality associated with DSWI and endocarditis, an adequate antibiotic regimen and its ad-ministration are essential. The duration of antibiotic prophylaxis is still being debated and remains controversial. Recently the Society of Thoracic Surgeons' guidelines underscored the heterogeneity of studies (eg recommendations from different scientific societies concerning this specific question) and recommended that postoperative optimal prophylactic antibiotics (class IIa, level B) be given ≤48 hours [4] . In 2010, French guidelines validated a very firm position recommending the shorter administration for cardiac surgery with only intraoperative administration of prophylactic cefamandole or cefazolin [7] . A recent systematic review and meta-analysis showed that perioperative antibiotic prophylaxis lasting ≥24 hours might be more effective than shorter regimen but the findings were limited by the heterogeneity of antibiotic regimens and the risk of bias in the published studies [1] . Some studies compared single-dose vs longer antibiotic prophylaxis [1] , but very few used the same antibiotic in both arms [8, 9] and only the former compared singledose vs 24-hour doses of the same antibiotic. Tamayo and associates, in their monocentric unblinded prospective study, compared 2 cefazolin doses over 42 months: the single-dose was associated with significantly higher SSI rate (8.3%) than with multiple-doses (3.6%) (p = 0.004). That significant difference was due to the significantly higher single dose SSWI rate (5%) than with multiple doses (1.7%) (p = 0.007). Notably, DSWI and endocarditis rates were comparable for both groups (respectively 1.9% and 1.2% for single dose vs. 1.2% and 0.2% with 24-h regimen) comparable to those of current study [9] .
Achieving rigorous daily antibiotic prophylaxis regimen is very difficult [3] . The antibiotic-prophylaxis protocol has many steps that must be respected. At each step, non-adherence is possible; the type of antibiotic, the timing of its prophylactic administration, the dose, the need for repeated infusions because of prolonged surgery and postoperative duration [3] . Single-dose has the major advantage of simplifying the antibiotic-prophylaxis protocol.
Cefamandole is a second-generation cephalosporin recommended as antibiotic prophylaxis in first line in cardiac surgery in France [7] , because it is safe, inexpensive, bactericidal against Gram-positive cocci (MSSA and MSCNS) and most Gram-negative bacilli and has a good diffusion. Repeated administrations for surgery lasting >2 hours are required because of its short half-life. It was effective against >85% of the pathogens involved in the SSI.
Antibiotic prophylaxis is the one of the most effective preventive measures against SSI. However, the SSI rate after cardiac surgery range from 0.25% to 4% for DSWI [4] ; those values remain high, particularly for this type of surgery classified as "clean surgery". Many factors explain that fact (eg, older age patient, more co-morbidities and/or generalization of bilateral use of internal thoracic arteries). In this context, new strategies have been developed to try to lower the SSI rate: preoperative mupirocin, collagen-gentamicin implants and triclosan-coated sutures. Hopes raised by these approaches have not yet been fulfilled [10] [11] [12] . It seems that the research concerning antibiotic prophylaxis has been left by the wayside, despite the numerous unanswered questions. Only, an international multicenter study will be able to answer the following question: What is the best duration of antibiotic prophylaxis? However, institutional and/or pharmaceutical financial support is lacking, even though millions of euros or dollars spent on useless antibiotic administration could be saved if single-dose antibiotic prophylaxis were to be demonstrated as safe as 24-hour or 48-hour administration.
The major limitation of our study is its retrospective design. However, the 2 populations, with >400 patients in each arm, were comparable concerning important pre-, intra-and postoperative factors associated with SSI thereby rendering possible interpretation of our results. We tried to be as closed as possible to the "real world" including patients who underwent emergency surgery and limiting the exclusion criteria. In addition, the short duration of the study (16 months) limited the bias related to variations of daily patients care. Second, the sample is small. Lastly, because of the retrospective nature of the study, no power calculation is allowed methodologically and was not performed, and a type 2 error could be possible.
Conclusion
Our results suggest that single-intraoperative dose cefamandole is as effective as its 24-hour administration to prevent the most severe SSI after adult cardiac surgery. Well-designed prospective studies are urgently needed to resolve this controversial and important issue.
